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ABSTRACT 

c 

When deployed  i r i  o r b i t ,  t h e  S-IVB Workshop w i l l  be 
s u b j e c t e d  t o  s e v e r a l  s o u r c e s  o f  h e a t i n g :  d i r e c t  s o l a r  and e a r t h  
r a d i a t i o n ;  h e a t  g e n e r a t e d  i n t e r n a l l y  b y  e l e c t r i c a l  equipment  ; 
and h e a t  g e n e r a t e d  m e t a b o l i c a l l y  by  t h e  crew. l n t e r i o r  tem- 
p e r a t u r e s  must s a t i s f y  c o n s t r a i n t s  imposed by e x p e r i m e n t s  and 
crew comfor t .  If h e a t  s u f f i c i e n t  t o  m a i n t a i n  a c c e p t a b l e  tem- 
p e r a t u r e s  i s  n o t  a v a i l a b l e  from e x t e r n a l  r a d i a n t  and i n t e r n a l  
"was te"  s o u r c e s ,  a u x i l i a r y  ( e l e c t r i c a l )  h u a t i n g  w i l l  be r e q u i r e d .  

T h i s  memorandum a n a l y z e s  c u r r e n t l y  a v a i l a b l e  i n f o r -  
ma t ion  to d e t e r m i n e  t h e  e l e c t r i c a l  power r e q u i r e m e n t s  f o r  
a u x i l i a r y  h e a t e r s  i n  t h e  Workshop. It i s  shown t h a t  a 
p o t e n t i a l  s a v i n g  o f  1 1 0 0  t o  1 2 0 0  w a t t s  i n  t h e  Workshop e l e c -  
t r i c a l  power r equ i r emen t  can b e  e f f e c t e d  by  employing i n e r t i a l  
as opposed t o  g r a v i t y - g r a d i e n t  s t a b i l i z a t i o n  o f  t h e  v e h i c l e  
i n  o r b i t .  
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SUBJECT: Supplementary H e a t i n g  Requirements  DATE: J u l y  3 ,  1967 I 
for an S-IVB Workshop w i t h  I 

I n e r t i a l  or Grav i ty -Grad ien t  
S t a b i l i z a t i o n  - Case 600-3 

MEMORANDUM FOR FILE 

1 . 0  I N T R O D U C T I O N  

W h ~ n  dep loyed  i n  o r b i t ,  t h e  S- IVB Workshop w i l l  b e  
s u b j e c t e d  to s e v e r a l  s o u r c e s  o f  h e a t i n g :  d i r e c t  s o l a r  radia- 
t i o n ;  e a r t h - e m i t t e d  and e a r t h - r e f l e c t e d  r a d i a t i o n ;  was te  h e a t  
g e n e r a t e d  i n t e r n a l l y  by  exper iment  equipment ,  ECS f a n s ,  l i g h t s ;  
and  h e a t  g e n e r a t e d  m e t a b o l i c a l l y  by t h e  crew. The Korkshop ' s  
t h e r m a l  b a l a n c e  t h u s  depends upon a number o f  p a r a m e t e r s  such  
as s p a t i a l  o r i e n t a t i o n ,  i n c l i n a t i o n  o f  t h e  o r b i t a l  p l a n e  to t h e  
e c l i p t i c  p l a n e ,  crew and  equipment t i m e l i n e s ,  e l e c t r i c a l  power 
a v a i l a b i l i t y ,  and t h e  o v e r a l l  t h e r m a l  d e s i g n  o f  t h e  Workshop 
i t s e l f .  I n t e r i o r  t e m p e r a t u r e s  must s a t i s f y  c o n s t r a i n t s  
imposed b y  expe r imen t s  and c rew comfor t .  I f  h e a t  s u f f i c i e n t  to 
m a i n t a i n  a c c e p t a b l e  t e m p e r a t u r e s  i s  n o t  a v a i l a b l e  from e x t e r n a l  
r a d i a n t  and i n t e r n a l  "waste" s o u r c e s ,  a u x i l i a r y  h e a t i n g  w i l l  
have to b e  p r o v i d e d .  Such an a d d i t i o n a l  t h e r m a l  i n p u t  would 
l i k e l y  be powered by t h e  C l u s t e r  EPS. 

T h i s  memorandum a n a l y z e s  c u r r e n t l y  a v a i l a b l e  i n f o r -  
ma t ion  to de te rmine  t h e  e l e c t r i c a l  power r e q u i r e m e n t s  f o r  aux- 
i l i a r y  h e a t e r s  i n  t h e  Workshop d u r i n g  Miss ion  A .  These r e q u i r e -  
ments  a r e  i n d i c a t e d  f o r  bo th  a g r a v i t y - g r a d i e n t  s t a b i l i z e d  
v e h i c l e  and an i n e r t i a l l y  o r i e n t e d  v e h i c l e .  

2 . 0  WORKSHOP THERMAL CONTROL CONCEPT 

The A i r l o c k  Module's  ECS w i l l  c i r c u l a t e  and r e p l e n -  
i s h  an oxygen-n i t rogen  atmosphere t o  t h e  Workshop a t  a t o t a l  
p r e s s u r e  o f  5 p s i a  and an i n i t i a l  t e m p e r a t u r e  between 45°F and 
50°F. The c i r c u l a t i n g  atmosphere i s  drawn by e i g h t  f a n s  i n t o  
t h e  Workshop t h r o u g h  d u c t s  which i n  t u r n  f e e d  e i g h t  plenum 
chambers spaced  c i r c u m f e r e n t i a l l y  about  t h e  Workshop i n t e r i o r  
a t  t h e  b a s e  of t h e  S-IVB f o r w a r d  dome. Each plenum chamber 
f o r c e s  02/N2 t h r o u g h  two t h e r m a l  c o n t r o l  d u c t s  each  o f  which 
h a s  a c r o s s - s e c t i o n  spprox ima te ly  1 1/2" by 4 0  to 6 2  i n c h e s ,  and 
which l e a d s  a f t  approx ima te ly  2 0  f e e t  t o  t h e  v i c i n i t y  o f  t h e  
S-IVB common bu lkhead .  * V a r i a b l e  h e a t  t r a n s f e r  t h r o u g h  t h e  LH2 

*The common bu lkhead  s e p a r a t e s  t h e  S-IVB LH2 and LOX t a n k s .  
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t a n k  w a l l  i s  p r o v i d e d  by  i n d i v i d u a l l y  a c t i v a t i n g  t h e  e i g h t  
f a n s .  The a tmosphere  l e a v i n g  t h e  d u c t s  i s  mixed iv i th  t h e  
b u l k  a tmosphere  and  drawn forward toward  t h e  A i r l o c k  ECS 
i n l e t  and r e c i r c u l a t i n g  d u c t s .  

The A i r l o c k  ECS removes l a t e n t  h e a t  from t h e  atmos- 
p h e r e  i n  t h e  p r o c e s s  o f  condens ing  w a t e r  vapor  to c o n t r o l  
h u m i d i t y .  Removal of' C02 , odors  , and p a r t i c u l a t e  con taminan t s  
i s  a l s o  per formed by t h e  A i r l o c k  ECS. The p r i m a r y  mechanism 
f o r  r e j e c t i o n  of s e n s i b l e  hea t  from t h e  Workshop i s  b y  p a s s i v e  
c o n d u c t i o n  th rough  t h e  c y l i n d r i c a l  walls and r a d i a t i o n  t o  
s p a c e ;  t h e  forward  dome and S-IVB a f t  s t r u c t u r e  w i l l  be  cove red  

i n s u l a t i o n  to r e d u c e  t h e  o v e r a l l  heat  l o s s . * *  
... W L U ~ ~  < + h 15 la:7ers ar?d 10 l ; l y e r s ,  r e s p e c t i v e l y ,  o f  h i g h  per formance  

3.0 WORKSHOP TEMPERATURE REQUIREMENTS 

The Medica l  Research and O p e r a t i o n s  D i r e c t o r a t e  a t  
FISC has d e f i n e d  crew comfort c r i t e r i a  which i n  p a r t  c a l l  f o r  
a t m o s p h e r i c  t e m p e r a t u r e s  w i t h i n  t h e  r ange  6OoF to l O O O F  and 
h u m i d i t y  w i t h  a minimum wa te r  vapor  p a r t i a l  p r e s s u r e  ( P H 2 0 )  o f  
8 mmHg and a maximum r e l a t i v e  humid i ty  o f  95% ( R e f .  2 ) .  Con- 
d e n s a t i o n  of  a tmosphe r i c  w a t e r  vapor  on exposed s u r f a c e s  w i t h i n  
t h e  Workshop p r e s e n t s  a t  l e a s t  two p o t e n t i a l  p roblems:  (1) Ex- 
c e s s i v e  c o n d e n s a t i o n  may r rd ry l t  t h e  a tmosphere  t o  t h e  p o i n t  
where t h e  ECS l a t e n t  h e a t  e x c h a n g e r ' s  a b i l i t y  to remove atmos- 
p h e r i c  m o i s t u r e  i s  impa i red ;  ( 2 )  Condensa t i cn  w i t h i n  t h e r m a l  
c o n t r o l  d u c t s  and i n  o t h e r  r e l a t i v e l y  i n a c c e s s i b l e  p l a c e s  may 
p r o v i d e  an envi ronment  i n  which b a c t e r i a  and f u n g i  can  grow 
unchecked.  

A t  t h e  minimum p a r t i a l  p r e s s u r e  o f  water vapor  
(8 m m H g ) ,  H20 w i l l  condense o n t o  s u r f a c e s  c o l d e r  t h a n  46.4OF. 
Thus ,  if t h e  P H 2 0  i n  t h e  t h e r m a l  c o n t r o l  d u c t s  can  be  m a i n t a i n e d  
a t  or s l i g h t l y  above 8 mmHg, wall  t e m p e r a t u r e s  need  n o t  b e  
h e a t e d  to t e m p e r a t u r e s  more t h a n  somewhat above 46.4OF to a v o i d  
c o n d e n s a t i o n .  The degree to which t h i s  humid i ty  c o n t r o l  can  
b e  a c h i e v e d  i s  n o t  c e r t a i n ;  n e v e r t h e l e s s  f o r  p u r p o s e s  of  c a l -  
c u l a t i n g  h e a t i n g  r e q u i r e m e n t s  w i t h i n  t h e  Workshop, i t  w i l l  b e  
assumed t h a t  a minimum w a l l  t e m p e r a t u r e  o f  50°F i s  to b e  n a i n -  
t a i n e d  to a v o i d  c o n d e n s a t i o n .  A "nominal"  a t m o s p h e r i c  temper-  
a t u r e  of 7O0F w i t h i n  t h e  Workshop w i l l  b e  assumed t o g e t h e r  w i t h  
a p h y s i o l o g i c a l l y  de t e rmined  "minimum" g a s  t e m p e r a t u r e  o f  60OF. 

**Average heat l o s s e s  o f  5265 Btu/Hr and 1780 Btu/Hr 
t h r o u g h  t h e  forward  and a f t  domes can  b e  r educed  t o  2 0 0  Btu,/Hr 
i n  each  l o c a t i o n  b y  h i g h  per formance  i n s u l a t i o n  as d e s c r i b e d  
above (Ref .  1). 
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4 . 0  INTERNAL H E A T I N G  REQUIREMENTS TO M A I N T A I N  M I N I N U M  
W 0 RKSH OP TEMPERATURES 

4 . 1  G R A V I T Y  GRADIENT STABILIZED VEHICLE 

Rates of i n t e r n a l  h e a t  g e n e r a t i o n  r e q u i r e d  t o  
m a i n t a i n  v a r i o u s  t e m p e r a t u r e  l e v e l s  w i t h i n  a g r a v i t y - g r a d i e n t  
s t a b i l i z e d  Workshop have been c a l c u l a t e d  i n  Refe rence  2. The 
Workshop o r b i t  i s  assumed t o  b e  c i r c u l a r  w i t h  an a l t i t u d e  o f  
260 n a u t i c a l  mi les  and an i n c l i n a t i o n  t o  t h e  e q u a t o r i a l  p l a n e  
o f  28 .5" .  P r e c e s s i o n  o f  t h e  s p a c e c r a f t  o r b i t a l  p l a n e  o c c u r s  
a t  t h e  r a t e  o f  6.5O/day; Maximum e x t e r n a l  h e a t i n g  o c c u r s  when 
t h e  o r b i t a l  piar le  i s  i n c l i n ~ d  52O from t h e  e c l i p t i c  p l a n e  w h i l e  
b e i n g  normal  to a p l a n e  d e f i n e d  by t h e  Ear tn :s  ~ o t a t i o r ?  axis 
and t h e  Earth-Sun l i n e  ( 6  = 52'). Minimum e x t e r n a l  h e a t i n g  
o c c u r s  when t h e  Earth-Sun l i n e  l i e s  w i t h i n  t h e  Workshop o r b i t a l  
p l a n e  ( B  = 0 ) .  These extreme c o n d i t i o n s  can  b e  s a i d  t o  d e f i n e  
" h o t "  and " c o l d "  o r b i t s  r e s p e c t i v e l y .  

ReqLired h e a t i n g  r a t e s  are ave raged  o v t r  a g i v e n  
o r b i t a l  p e r i o d ;  v a r i a t i o n s  i n  Workshop i n t e r n a l  tempera- tures  
d u r i n g  a s i n g l e  o r b i t  a re  not  e x p e c t e d  to exceed 5 O F .  
It i s  assumect t h a t  a me teo ro id  bumper w i l l  c o v e r  e s s e n t i a l l y  
a l l  o f  t h e  S-IVB LH2 t a n k  c y l i n d r i c a l  wa l l  and t h a t  h i g h  p e r -  
formance i n s u l a t i o n ,  as d e s c r i b e d  p r e v i o u s l y ,  w i l l  be a p p l i e d  
t o  t h e  foward dome and a f t  s t r u c t u r e  t o  r educe  forward  and a f t  
h e a t  l e a k s .  E m i s s i v i t i e s  of  0 . 8  a re  assumed f o r  i n t e r i o r  
p a r t i t i o n s  forming  c rew-qua r t e r s  f l o o r s  and c e i l i n g ,  as w e l l  
as t h e  c u r t a i n s  which form t h e  l o n g i t u d i n a l  t h e r m a l  d u c t s .  An 
a v e r a g e  e m i s s i v i t y  o f  0 . 5  i s  assumed f o r  t h e  f i r e - r e t a r d a n t  
l i n e r  o f  t h e  LH2 t a n k .  The e x t e r i o r  o f  t h e  me teo ro id  bumper i s  

assumed t o  b e  b l a c k  ( a  = E = 0.9). S 

T a b l e  1 i n d i c a t e s  t h e  t o t a l  i n t e r n a l  h e a t  g e n e r a t i o n  
r e q u i r e d  t o  m a i n t a i n  t h e  i n d i c a t e d  Workshop i n t e r n a l  tempera-  
t u r e s .  
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4 . 2  INERTIALLY STABILIZED VEHICLE 

P r e l i m i n a r y  c a l c u l a t i o n s  o f  i n t e r n a l  h e a t  g e n e r a t i o n  
(Q) r e q u i r e d  to a c h i e v e  d e s i r e d  t e m p e r a t u r e s  i n  a n  i n e r t i a l l y  
s t a b i l i z e d  Workshop are  p r e s e n t e d  i n  t h i s  s e c t i o n .  T a b l e  2 
i n d i c a t e s  t h a t  f o r  B = Oo, a minimum o f  1 0 0 0  B t d H r  ( 2 9 3 .  wa t t s )  
i s  r e q u i r e d  to m a i n t a i n  a nominal b u l k  a t m o s p h e r i c  t e m p e r a t u r e  
o f  7O0F. A t  t h i s  v a l u e  o f  Q,  t h e  c o r r e s p o n d i n g  minimum wal l  
t e m p e r a t u r e  i s  % 40°F, i n d i c a t i n g  t h a t  c o n d e n s a t i o n  w i l l  o c c u r  
i n  t h e  t h e r m a l  c o n t r o l  d u c t s .  For  t h e  same orbit, a minimum 
wall  t e m p e r a t u r e  o f  50°F can b e  m a i n t a i n e d  w i t h  3000 Btu/Hr 
( 8 8 0 .  wat t s )  by s h u t t i n g  o f f  ECS f a n s  d i r e c t l y  exposed to t h e  
Sun; t h e  c o r r e s p o n d i n g  b u l k  a t m o s p h e r i c  t e m p e r a t u r e  w i t h i n  t h e  
Workshop i s  80°F. 

F o r  B = 5 2 O ,  1000 Btu/Hr ( 2 9 3  wat t s )  can  main ta i -n  
a 50°F wa l l  t e m p e r a t u r e ;  the a t m o s p h e r i c  t e m p e r a t u r e  i n  t h a t  
c a s e  w i l l  be approx ima te ly  80°F. 
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5 . 0  ANTICIPATED INTERNAL HEAT GENERATION 

Heat g e n e r a t i o n  r a t e s  w i t h i n  t h e  Workshop w i l l  v a ry  
wide ly  w i t h  equipment u t i l i z a t i o n ,  crew a c t i v i t y ,  l i g h t i n g  
l e v e l s ,  and t h e  number o f  ECS f a n s  i n  o p e r a t i o n .  A r e a l i s t i c  
t i m e l i n e  o f  i n t e r n a l  h e a t  g e n e r a t i o n  i s  n o t  a v a i l a b l e  a t  t h i s  
w r i t i n g ;  a rough e s t i m a t e  of  a n t i c i p a t e d  i n t e r n a l  h e a t  gene r -  
a t i o n  i s ,  however,  p r e s e n t e d  i n  T a b l e  3 .  None o f  t h e  e n t r i e s  
i n  t h a t  t a b l e  i s  p r e c i s e l y  d e f i n e d  a t  t h e  moment; as p o i n t e d  
o u t  b y  t h e  a u t h o r  i n  Reference  4, MSC F l i g h t  O p e r a t i c n s  i s  i n  
t h e  p r o c e s s  o f  d e f i n i n g  Workshop crew t i m e - l i n e s  f o r  M i s s i o n  
A from which MSC/MR and 0 w i l l  es t imate  m e t a b o l i c  t h e r m a l  
p r o f i l e s .  T h i s  a c t i v i t y  i s  schedu led  f o r  comple t ion  d u r i n g  
t h e  f i r s t  week o f  J u l y  196'(. 

Whether a l l  l i g h t s  w i l l  b e  e x t i n g u i s h e d  and b o t h  
crew members e v a c u a t e d  froin t h e  Workshop d-ur ing p e r i o d s  o f  
minimum a c t i v i t y  as assumed i n  tn i s  memorandum has  not y e t  
been  de te rmined .  It i s  assumed, however,  f o r  pu rposes  of  
e s t a b l i s h i n g  t h e  lowes t  l i k e l y  minimum t h a t  t h e  on ly  i n t e r n a l  
h e a t  s o u r c e  d u r i n g  such  p e r i o d s  w i l l  b e  250 Btu/Hr ( 7 3  w . )  
from f a n s  r e q u i r e d  to m a i n t a i n  a tmosphe r i c  c i r c u l a t i o n .  
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6 . 0  COMPARISON OF THERMAL REQUIREMENTS WITH ANTICIPATED 
INTERNAL HEAT G E N E R A T I O N  

--- 

A p r e l i m i n a r y  estimate o f  a u x i l i a r y  h e a t i n g  r e q u i r e d  
to m a i n t a i n  Workshop t e m p e r a t u r e s  a t  a c c e p t a b l e  l e v e l s  i s  
shown i n  T a b l e s  4 and 5 .  It i s  assumed t h a t  minimum t e m p e r a t u r e  
r e q u i r e m e n t s  a re  a p p l i c a b l e  a t  a l l  t imes durj.ng Miss ion  A 
r e g a r d l e s s  o f  whe the r  crew members a r e  i n  or o u t  o f  t h e  Workshop 
a t  any g i v e n  t i m e ;  t o  assume o t h e r w i s e  would i n  some c a s e s  
r e s t r i c t  t h e  movement of  a s t r o n a u t s  i n t o  t h e  Workshop w h i l e  
t e m p e r a t u r e s  are  b e i n g  r a i s e d .  

6.1 GRAVITY-GRADIENT STABILIZED VEHICLE -~ 

T a b l e  4 i n d i c a t e s  t h a t  6880 Btu/Hr ( 2 0 1 0 .  w )  o f  
a u x i l i a r y  t h e r m a l  power may b e  r e q u i r e d  to p r e v e n t  c o n d e n s a t i o n  
on Workshop wails d u r i n g  p e r i o d s  o f  minimum a c t i v i t y  i n  c o l d  
o r b i t s . *  I f  c o n d e n s a t i o n  i s  a c c e p t e d  i n  t h e  d e s i g n ,  t n e n  a t  
l ea s t  3750 Btu/Hr ( 1 1 0 0 .  w a t t s )  o f  a u x i l i a r y  h e a t i n g  w i l l  b e  
r e q u i r e d  to m a i n t a i n  a b u l k  a t m o s p h e r i c  t e m p e r a t u r e  of  6 0 O ~  
d u r i n g  p e r i o d s  o f  minimum Workshop a c t i v i t y  i n  c o l d  o r b i t s .  
I f  no  a u x i l i a r y  h e a t  i s  p rov ided  d u r i n g  maximum a c t i v i t y  
p e r i o d s  , Workshop a tmospher ic  t e m p e r a t u r e s  w i l l  remain above 
6OoF, bu t  a tmosphe r i c  w a t e r  vapor  w i l l  condense on t h e  wa l l s .  
If no  a u x i l i a r y  h e a t  i s  p rov ided  d u r i n g  p e r i o d s  of  minimum 
a c t i v i t y ,  a tmosphe r i c  t e m p e r a t u r e s  w i l l  f a l l  below 6 0 O ~  and 
water w i l l  condense on t h e  walls d u r i n g  b o t h  "co ld"  and " h o t "  
o r b i t s .  

*If water vapor  does condense on a c o l d  s u r f a c e  i t  may 
b e  removed by t r a n s p o r t i n g  it t h r o u g h  wick ing  to a w a r m e r  r e g i o n  
o f  t h e  Workshop and t h e r e  e v a p o r a t e d  back i n t o  t h e  c a b i n  atmos- 
p h e r e ,  T h i s  memorandum c o n s i d e r s  a "wors t  c a s e "  s i t u a t i o n  i n  
t h a t  i n i t i a l  c o n d e n s a t i o n  i s  avo ided  by t h e  nominal  50°F w a l l  
t e m p e r a t u r e ,  p r o v i d e d  t h e  p a r t i a l  p r e s s u r e  o f  water vapor  i n  
t h e  a tmosphere  a d j a c e n t  t o  a " c o l d "  w a l l  does  n o t  g r e a t l y  
exceed  8 mmHg. 
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6.2 INERTIALLY STABILIZED VEHICLE 

T a b l e  5 i n d i c a t e s  t h a t  2750. Btu/Hr ( 8 0 5  wa t t s )  
af a u x i l i a r y  t h e r m a l  power a r e  r e q u i r e d  w i t h i n  t h e  Workshop 
t o  m a i n t a i n  a minimum wall  t e m p e r a t u r e  o f  50°F d u r i n g  p e r i o d s  
of minimum a c t i v i t y  w i t h  B = 0 .  I n  t h e  same o r b i t ,  a nomina l  
7O0F b u l k  a t m o s p h e r i c  t e m p e r a t u r e  can  be  a c h i e v e d  w i t h  750 
Btu/Hr (220 .  wat t s )  of a u x i l i a r y  h e a t i n g  d u r i n g  minimum a c t i v i t y  
p e r i o d s ,  a l t h o u g h  c o n d e n s a t i o n  w i l l  t h e n  o c c u r .  

F o r  6 = 52O, 750  Btu/Hr (220. wat ts )  o f  a u x i l i a r y  
t h e r m a l  power w i l l  m a i n t a i n  a 50°F w a l l  t e m p e r a t u r e  and a n  
a b o v e  i-lomixa: c a b i n  atmsspheric t e m p e r a t u r e  w i t h  minimum 
Workshop a c t i v i t y .  

Dur ing  maximum a c t i v i t y  p e r i o d s ,  no a u x i l i a r y  h e a t i n g  
i s  r e q u i r e d  t o  m a i n t a i n  a 50°F minimum w a l l  t e m p e r a t u r e  and 
nomina l  &7O0F) a t m o s p h e r i c  t e m p e r a t u r e .  
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7.0 CONCLUSIONS 

The p r e c e d i n g  s e c t i o n s  o f  t h i s  memorandum p r o v i d e  a 
p r e l i m i n a r y  bas i s  f o r  comparing t h e  e l e c t r i c a l  h e a t e r  r e q u i r e -  
ments of an i n e r t i a l l y  s t a b i l i z e d  Workshop w i t h  a g r a v i t y -  
g r a d i e n t  s t a b i l i z e d  Workshop. That  comparison may be summarized 
as f o l l o w s :  

1. During p e r i o d s  o f  maximum a c t i v i t y  ( 1 4  hour s /day )  
an i n e r t i a l l y  s t a b i l i z e d  Workshop r e q u i r e s  no 
a u x i l i a r y  h e a t i n g  t o  m a i n t a i n  a nominal. 7O0F b u l k  
a tmosphe r i c  t e m p e r a t u r e  and 50°F minimum w a l l  
t e m p e r a t u r e  r e g a r d l e s s  o f  t h e  v a l u e  o f  6 ,  whereas  
w i t h  g r a v i t y - g r a d i e n t  s t a b i l i z a t i o n ,  a u x i l i a r y  
h e a t e r s  w i t h  o u t p u t s  o f  % 4 0 .  watts or % 700. wat ts ,  
r e s p e c t i v e l y ,  a r e  r e q u i r e d  t o  m a i n t a i n  t h o s e  tempera-  
t u r e s  for 6 = O O . 8  

2 .  During p e r i o d s  o f  minimum a c t i v i t y  as d e f i n e d  i n  t h i s  
memorandum, a 7O0F c a b i n  a tmosphe r i c  t e m p e r a t u r e  o r  
5OoF wa l l  t e m p e r a t u r e  can  b e  m a i n t a i n e d  f o r  any v a l u e  
o f  B w i t h  2 2 0 .  w a t t s  or 805.  watts, r e s p e c t i v e l y ,  o f  
a u x i l i a r y  h e a t e r  power i n  an  i n e r t i a l l y  s t a b i l i z e d  
v e h i c l e  w h i l e  t h e  c o r r e s p o n d i n g  r e q u i r e m e n t s  f o r  a 
g r a v i t y - g r a d i e n t  s t a b i l i z e d  Workshop a re  1350.  watts 
or 2 0 1 0 .  watts r e s p e c t i v e l y .  

*A 50°F w a l l  t e m p e r a t u r e  i s  used  h e r e i n  as a c r l t e r i o n  
f o r  no c o n d e n s a t i o n  of w a t e r  vapor  on t h e  Workshop's wal ls .  
A s  p o i n t e d  o u t  p r e v i o u s l y ,  t h i s  c r i t e r i o n  i s  v a l i d  only  i f  
t h e  PH20 a d j a c e n t  to t h e  walls can  b e  k e p t  a t  or on ly  s l i g h t l y  
above t h e  minimum p h y s i o l o g i c a l  r equ i r emen t  o f  8 mmHg. 
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3 .  I f  a l l  heat  d i s s i p a t i o n  for t h e r m a l  c o n t r o l  
d u r i n g  minimum a c t i v i t y  p e r i o d s  i s  t o  b e  p r o v i d e d  by  
e l e c t r i c a l  power d i s s i p a t i o n ,  t h e  t o t a l  e l e c t r i c a l  
power r equ i r emen t  for t h e  Workshop durl .ng such  p e r i o d s  
i n  t h e  "wors t "  o r b i t a l  p o s i t i o n s  i s  as shown below: 

7O0F Bulk Atmos- 5OoF Minimum 
p h e r i c  Tempera ture  Wall Tempera ture  

I n e r t i a l  S t a b i l i z a t i o n  2 9 3 .  w .  880 .  w .  

Grav i ty -Grad ien t  
S t a b i l i z a t i o n  

T h e r e f o r e ,  based  on the p r e c e d i n g  a n a l y s i s ,  a p o t e n t i a l  
s a v i n g  o f  1 1 0 0 .  to 1 2 0 0 .  w a t t s  i n  t h e  Workshop e l e c t r i c a l  power 
r e q u i r e m e n t  can b e  e f f e c t e d  by employing i n e r t i a l  as opposed 
to g r a v i t y - g r a d i e n t  s t a b i l i z a t i o n  . 

-7 
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